Comparative study of heavy metals and selenium accumulation in the digestive gland and gills of Mytilus galloprovincialis (Lamarck, 1819) caught in Izmir Bay (Turkey) [İzmir Körfezi'nden (Türkiye) yakalanan Mytilus galloprovincialis (Lamarck, 1819)'un sindirim bezi ve solungaçlarındaki ağır metal ve selenyum içeriklerinin karşılaştırması]
and the effects of these plants on ecosystem of the Izmir bay have been monitored [15, 18] .
ICP-MS as a technique for the inorganic trace analysis
shows an excellent sensitivity for a large numbers of elements of interest and the speed of measurement makes it suitable for routine, multielement determinations at trace and ultratrace levels. Important characteristic is the ability to detect and measure concentrations of analyzed elements at very low levels [19, 20] .
The aim of this study was to quantify and compare heavy metals and selenium in digestive glands and gill tissues of M. galloprovincialis collected from four locations in Izmir Bay.
Material and Methods
Izmir Bay is located in the eastern Aegean Sea between latitudes of 38°20' and 38°42' N and longitudes of 29°25' -27°10' E. It is one of the largest natural bays of the Mediterranean. Izmir which is the third largest city in Turkey is located at the west part of the Anatolian peninsula and it is an important industrial and commercial center and a cultural focal point. The Izmir Bay has been considered dividing into three areas as Outer, Middle and Inner Bay according to their physical characteristics. The main industries in the region include food processing, oil, soap and paint production, chemical industries, paper and pulp factories, textile industries and metal processing [21] [22] [23] .
A total of 180 samples of the wild mussel M. galloprovincialis with shell length of 50-60 mm were collected from four locations [1: Pasaport (vicinity of the Pasaport Ferry Bridge), 2: Alsancak (near the Izmir Harbour), 3: Introduction Metals, such as Cd, Ni, Cr, Pb and Hg are toxic in aquatic organisms mainly because of the oxidative potential whereas other metals, such as Fe, Zn, Cu, Se and Mn are essential for their metabolism but become toxic when their concentrations are excessive [1] . The interactions of Se, which is also an essential micronutrient for organisms, with the heavy metals such as Hg and As have reported in aquatic vertebrates and invertebrates [2] [3] [4] [5] . Since the metal pollution in aquatic ecosystems can be harmful to human health, it is necessary to understand and control the hazard levels of pollution in seafood [6] .
It has been recognized in recent years that risk assessment of environmental pollution cannot be based solely on chemical analysis because it does not provide a clear indication of toxic effects of pollutant on the aquatic biota [7] .
The word "mussel" is most frequently used to mean the edible bivalves of the marine family Mytilidae, most of which live on exposed shores in the intertidal zone and are of great interest since they are intensively fished and cultured worldwide for human consumption. Mussels are sedentary organisms filtrating large amounts of water allowing them to accumulate the substances from the environment. This characteristic makes it possible to use them as "bioindicators" in an aquatic environment. M. galloprovincialis is a very sensitive 'early warning' tool for heavy metal contamination of a marine environment [8] [9] [10] .
There have been many studies carried out concerning metal pollution and eutrophication in the Izmir Bay, especially the Inner Bay reported as polluted area in terms of heavy metal, trace elements, inorganic and organic matters [11] [12] [13] [14] [15] [16] [17] following procedure [9] ; for each homogenized samples, 0.3 g homogenate (wet weight) was weighed and placed in Polytetrafluoroethylene (PTFE) vessel with 65% nitric acid/30% hydrogen peroxide (4:2). Material was then subjected to a microwave program (Table 1) . After digestion procedure, the samples and blank solution were brought to a volume of 25 mL with ultrapure water.
The estimated average daily intake rate (DIR) of analyzed elements were calculated using the following equation [24] , DIR (µg analyzed element/kg-bodyweight/day) = (C metal xD food intake )/Baverage weight where, C metal : The mean total tissue (gill and digestive gland) heavy metal and selenium concentrations in mussel (µg kg -1 ), D food intake : Daily intake of mussel (kg person -1 ), fish consumption rate for the year 2010 was 6.918 kg per person in Turkey [25] ; As annual rate of mussel consumption is not known, the calculation is made through annual rate of fish consumption.) and Baverage weight: Average body weight (kg person -1 ), in a risk assessment, a body weight of 70 kg were transferred freshly to the laboratory where gills and digestive glands were dissected. The samples of M. galloprovincialis from each location were separated into 3 groups. Each groups included 15 individuals.
All reagents used were of analytical quality (nitric acid, 65% suprapure Merck; Hydrogen peroxide, 30% suprapure Merck). Multi-element calibration solutions of all investigated elements were prepared daily by dilution of 10 mg/L mix element standard stock solution (Agilent Multi-Element Calibration Standard-2A, 8500-6940) and 10 mg/L mercury standard stock solution (Agilent Mercury Calibration Standard, 8500-6941).
An ELGA Model deionizer system was used to prepare deionized water (resistivity: 18.0 MΩ cm). Berghof speedwave MWS-3 microwave digestion system with DAP 60+ vessels was used to digest fish samples prior to metal analysis. Inductively coupled plasma-mass spectroscopy (Agilent 7700x) with auto sampler (Agilent ASX-500) was used to analyze digested samples for total metals.
The mussel samples were treated by deionized water before dissection. Digestion glands and gill tissues of mussels were dissected. Tissues were homogenized thoroughly in a laboratory blender (Waring trade marker) with stainless steel cutters (each homogenized sample groups were composed of 15 individuals), and then freeze-dried. Digestion of the dried samples were carried out using the Figure 2 shows Box-Whisker plots for the measured concentrations, which describe the median marked by a vertical line, the quartiles as the 25th and 75th percentiles drawn by a box, and the minimum and maximum values as whiskers.
According to ANOVA results as shown Table 3 , there were no statistically significant differences between the studied tissues in terms of Fe, Cu and Hg but Cr, Ni, Zn, As, Se, Cd, Pb. The results of ANOVA also indicated that the significant differences weren't found among sampling stations in terms of Cr, As, Se, Cd. However, the other elements have shown significant differences in the stations. Remarkably, Tukey post-hoc analysis separated station 1 and 3 in terms of these elements. Also, no significant differences were found between station 1 and 2, except for Zn.
Concentrations of the studied elements and their comparison to data from the literature are given in Table 4 . The mean chromium concentrations of the analyzed soft tissues of mussels were 0.12 mg kg -1 dw for gills, 0.09 mg kg -1 for digestive glands. Mean cadmium concentrations of soft tissues of M. galloprovincialis were found as 4.92-8.01 92 mg kg -1 dw in Spanish North Atlantic Coast [28] . The mean iron concentrations measured in our study is lower than that reported as 395 mg kg -1 dw in soft tissues of mussels in Greece [29] . In a similar way, mean nickel levels (16.4 mg kg -1 dw) were found higher than this study in soft tissues of mussels in Italy [30] . In the mussels collected from the Eastern Black Sea higher mean copper concentrations in soft tissues (90-260 mg kg -1 dw) than the current study were detected [31] . Relatively high mean concentrations (186-398 mg kg -1 dw) of zinc were also found in the soft tissues of mussels in Portugal [32] . In general, the arsenic concentrations in soft tissues of M. galloprovincialis determined in this study were lower than reported in Eastern Black Sea [31] and the East coast of the Middle Adriatic Sea [10] . is generally used to represent a typical adult weight [26] .
The Shapiro-Wilk statistic was performed for each variable obtained by the values of studied elements to ensure that a normality in distribution existed. Then the data were subjected to one-way analysis of variance (ANOVA) followed by Tukey's post-hoc test to assess significant differences between element concentrations in the stations, while paired samples t-tests were applied to reveal significant differences between the gill and digestive gland. The Pearson Correlation coefficients were calculated between element concentrations. P-values of 0.05 were considered statistically significant. The obtained data were summarized by descriptive statistics and box-whisker plots. Statistics were performed using SPSS software version 15.0.
Results and Discussion
The corresponding mean, standard deviation, and maximum-minimum values of metals and Se concentrations in the gill and digestive gland of M. galloprovincialis are reported in Table 2 . Fe has the highest concentrations both in the gill and digestive gland while Cd and Hg have the lowest values. The measured concentrations can be grouped in four sets depending on their similarity of mean values (higher to lesser content): Fe-Zn, As-Cu, Cr-Ni-Si, and Cd-Pb-Hg. Generally, content of concentrations in the digestive gland were lower than concentrations in the gill.
The magnitude of element concentrations in digestive gland was determined as Fe>Zn>Cu>As >Se>Ni>Cr>Pb>Cd>Hg.
The data obtained showed that accumulated metal concentrations in gills generally in the following sequences: Fe>Zn>As>Cu>Se>Ni>Cr>Pb>Cd≈Hg. In a similar way, the highest metal concentration for the gills reported as 151 mg kg-1 for Fe in Saronikos Gulf of Greece [27] . Mean metal concentrations in soft tissues of M. galloprovincialis was detected as Fe>Zn>As>Cu>Pb>Ni>Cr by Orescanin et al. [10] . lower than these values. The mean cadmium contents in analyzed samples showed extremely low concentrations (0.02-0.03 mg kg -1 dw) compared to the study (1.3-3.1 mg kg -1 dw) in Algarve Coast, Portugal [32] . The mean lead levels (5.0-21.0 mg kg -1 dw) in M. galloprovincialis from the Eastern Black Sea, Turkey [31] were also higher cialis collected along the Montenegrin coastline were determined at lower levels comparing the results of current study [33] . According to the research in Spanish North Atlantic coast [28] , the mean mercury concentrations in mussel presented as 0.11-0.25 mg kg -1 dw. Obtained mean mercury levels in the present study were found as than the present study. We did not find any data for selenium in soft tissues of M. galloprovincialis. Therefore we compared the mean selenium levels obtained from data in soft tissues of Mytilus [edulis] trossulus and the mean se- Table 4 . Other studies' mean heavy metals and selenium concentrations (mg kg Arsenic is found in nature as organic and inorganic arsenic. Organic arsenic is considered as non-toxic [45] . The most toxic arsenic formsa re the inorganic ones (As III and As V). According to New Zealand legislation, inorganic limit value is 2 mg kg -1 [46] . The maximum mean arsenic amount found in this study (1.19 mg kg -1 ) did not exceed this limit.
Also, the estimated daily intake rate (DIR) determined for each one of the elements considering an adult person was compared with tolerable reference oral dose levels (Table  5 ) and it was seen that there was noy any danger for human health.
Conclusion
The continuous study of the marine environmental conditions is generally one of the tasks that all the countries must accomplish in order to prevent and eliminate pollution [49] . From a detailed statistical analysis of these results, we can make the following considerations:
-Bioaccumulation levels of the Cr, Ni, Zn, As, Cd and Se varied obviously depending on the factor of tissues.
-M. galloprovincialis samples collected from different locations had significantly different heavy metal concentrations.
-Gills had higher concentrations for Cr, Fe, Ni, Zn, Cd, Pb, and Se compared to digestive gland.
-Fe and Zn contents were high both digestive gland and gills at all sites.
-Se showed negative correlations with Hg (r=-0.444, p<0.05) and As (r=-0. 869, p<0.05) but the other measured heavy metals did not. Regarding Se kinetics, further research based on long-term field data is needed on relationship between this element and heavy metals.
-There is not any risk in consuming the species of M. galloprovincialis obtained from İzmir Bay in terms of studied heavy metals.
-The low levels of toxic metals (Cd, Hg, Pb, Cr, Ni) were found in tissues of M. galloprovincialis, despite considerable urbanization and vessel traffic in the Izmir Bay, comparing with the other studies including the ones, which took place in the Inner of Izmir Bay. This situation might turn out to be a consequence of waste water treatment activities during the last decade in the bay. and 2004 reported as lower levels than measurements remarkably in this study, while Cu levels were relatively lower than the levels in this study [35] . Fe, Cu, Zn, As, and Pb concentrations in the digestive gland and the gills of M. galloprovincialis from the North Tyrrhenian Sea have also conducted higher levels than their concentrations in this study crucially [36] . Finally, in comparison to data reported in other studies (Table 4) , our findings for M. galloprovincialis indicated that most of the data were lower in the literature.
When the studied heavy metals were considered with regard to public health, the highest mean Cr concentration (0.12 mg kg ) obtained in this study was in-between the stated amounts and sufficient for meeting the daily iron requirement.
Ni level in the food is between the range of <0.1-0.5 mg kg -1 [39] . Ni concentration in which clinical symptoms begin to appear in humans is 7-35 mg kg -1 body weight [40] . The maximum mean concentration of Ni (0.22 mg kg -1 ) in the samples was under this range.
The maximum mean concentration of Cu in the samples (1.06 mg kg -1 ) were below the permitted limit (10 mg kg -1 ) recommended [41] .
The maximum mean Zn concentration (16.00 mg kg -1 ) did not exceed the maximum Zn limit as 40 mg kg -1 [42] specified in Australian food law.
The selenium ion concentrations in the range 2-8 mg kg -1 in food are harmful [43] . In the species of M.galloprovincialis which was our study material the maximum mean selenium concentration was in the range of 0.45 mg kg 
